Recently the IceCube collaboration and 15 other collaborations reported the spatial and temporal coincidence between the neutrino event IceCube-170922A and the radio-TeV activity of the blazar TXS 0506+056. Their further analysis on 9.5 years of IceCube data discovered neutrino flare between September 2014 and March 2015, when TXS 0506+056 is however in "quiescent" state. We analyze the Fermi-LAT data in that direction, and find another bright GeV source PKS 0502+049, which is at an angle of 1.2
I. INTRODUCTION
The IceCube collaboration discovered TeV-PeV astrophysical neutrinos in 2013 [1] . Though a neutrino event is found in a spatial coincidence with a GeV-brightening phase of a blazar PKS B1424-418 [2] , no associations between neutrinos and point sources with high significance are found until recently. On 2017 Sep. 22, the IceCube observation detected a track-like neutrino IceCube-170922A, which is found to be associated with the source TXS 0506+056 spatially and temporally, with a significance level of 3σ [3] . The TXS 0506+056 is a blazar active in the optical-TeV energy range. Though its properties is found typical among the bright Fermi-LAT blazars [4] , it has very strong GeV activities among BL Lacs and is located at a declination toward which the IceCube has highest sensitivity [5] . It is the first time of finding the association between neutrino and point source with such a high significance. It provides evidence for that the AGN jets can accelerate very high energy cosmic rays, and produce neutrinos via the photohadronic interaction or the hadronuclear interaction [6] [7] [8] [9] [10] [11] [12] [13] [14] .
After the detection of IceCube-170922A, the IceCube collaboration re-analyzed their historical data in the direction of TXS 0506+056 and surprisingly found evidence for a flare of muon-neutrino events between September 2014 and March 2015 [5] . The "puzzle" is the appearance of such a neutrino flare in the quiescent state of both the radio and GeV emission of the blazar TXS 0506+056, though the GeV spectrum got hardened [15] . Therefore it * Electronic address: hnhe@pmo.ac.cn † Electronic address: yzfan@pmo.ac.cn is helpful to check whether there are any other "nearby" flaring GeV sources.
For such a purpose we analyze the Fermi-LAT data in the direction of TXS 0506+056, and find that the other bright blazar PKS 0502+049 (also known as 3FGL J0505.3+0459), separated by an angular distance of 1.2
• [16] from TXS 0506+056, had strong GeV flares during the neutrino flare. No other flaring GeV source was detected in the neutrino flare phase. In this work we report the results of our data analysis and discuss their implication.
II. FERMI-LAT DATA ANALYSIS AND DETECTION OF GEV FLARES FROM PKS 0502+049
In this work we analyze the publicly-available Pass 8 data of the Large Area Telescope onboard the Fermi space gamma-ray telescope [17, 18] . We perform a standard Fermi-LAT unbinned likelihood analysis 1 to derive the light curves of TXS 0506+056 and PKS 0502+049. The gamma-ray data in the energy range of 100 MeV to 500 GeV and in the period of 2010-05-01 to 2018-05-01 (MET 294364802 -546825605, i.e., MJD 55317 -58239) are used in the analysis. The start point of the time period is roughly the beginning of IC79 phase of IceCube [5] . We select gamma rays within a region of interest (ROI) of 10
• circle centered on the PKS 0502+049 and use a model containing both Fermi-LAT FL8Y iso P8R2 SOURCE V6 v06.txt) to fit the data. To determine the parameters of the background sources, we first perform a global fitting in which all spectral parameters of the sources located within the ROI are free parameters. When deriving the light curves, in each time bin, the spectral index parameters are fixed to the values determined in the global fitting, and only prefactors are free to vary. But for PKS 0502+049 and TXS 0506+056, the two sources that we are mainly interested in, if their TS values are greater than 25 in that bin, the spectral index parameters are also set to be free parameters.
In Fig.1 , we show the 100 MeV−500 GeV counts map in the direction of TXS 0506+056. There is a nearby bright GeV source PKS 0502+049, located at right ascension (RA) 76.35
• , declination (Dec) +5.00
• (J2000 equinox) [19] , and redshift z = 0.954 [20] , with a spatial separation of 1.2
• to TXS 0506+056. Besides these two point sources (i.e., TXS 0506+056 and PKS 0502+049), within the 158-days time window of the neutrino flare [5] , there is no evidence for any other reliable GeV source within the nearby region around the optimal position of the neutrino flare (see Figure 2 ).
More intriguingly, PKS 0502+049 had strong GeV flares around the time window of the IceCube neutrino flare, while TXS 0506+056 was in a quiescent state (see Fig.3 ; please see also http://www.astro.caltech.edu/ovroblazars/data.php for the low radio emission of TXS 0506+056 during the neutrino flare). The two major active phases of PKS 0502+049 appeared in the periods of MJD 56860 -56960 and MJD 57010 -57120, which is partly overlapped with the 158-days box-shaped time window of IceCube neutrino flare from MJD 56937 to MJD 57096 [5] , as is shown in the shaded area in Figure 3 . We note that Padovani et al. [15] has also compared the IceCube neutrino flare with the activity of the PKS 0502+049. However, they demonstrated that the neutrino flare is right between the two gamma-ray flare phases but not in coincidence with them. The reason is that they adopted the 110-day Gaussian-shaped time window of neutrino flare, which is shorter than the box-shaped time window.
In the left panel of Figure 4 , we compare the spectra of TXS 0506+056 and PKS 0502+049, averaged over the shaded time window shown in Figure 3 , i.e., the period of the neutrino flare. The right panel shows the spectra of PKS 0502+049 in its two major flare phases of MJD 56860 -56960 and MJD 57010 -57120. The GeV flux of PKS 0502+049 is significantly higher than that of TXS 0506+056 at the energies lower than 10 GeV, while the spectrum becomes softer at the energies higher than 10 GeV. The spectrum of PKS 0502+049 can be fitted via a power law spectrum with an exponential cutoff (ECPL), i.e.,
, with the index of p = 2.05 ± 0.04 and the cutoff energy of E cut = 7.4 ± 1.8 GeV. The high energy cutoff of the observed gamma-ray spectrum may be due to the attenuation of the high energy photons via the pair production process of interacting with the UV-optical photons from the broad line regions (BLRs) [21] [22] [23] . The gamma-ray spectrum of TXS 0506+056 becomes harder at the high energy end, the spectrum of which is fitted with a single power law with index of 1.97 ± 0.12. • ×4
• residual TS map in the neutrino flare period with TXS 0506+056, PKS 0502+049 and all background sources subtracted. No other gamma-ray source with TS > 25 is seen surrounding TXS 0506+056. The "cross" in red represents the maximum − log 10 (P ) position of the neutrino flare signal [5] . The white dashed circle encompasses a 1.5
• region. In the left panel, the black dashed line is the best fit ECPL spectrum for PKS 0502+049, with the power law index p = 2.05 ± 0.04 and cutoff energy Ecut = 7.4 ± 1.8 GeV. The red line is the best fit power law spectrum for TXS 0506+056 with index p = 1.97 ± 0.12. The ECPL function fit to the two flare phases in the right panel results in p = 1.98 ± 0.04 (2.03 ± 0.03) and Ecut = 8.6 ± 2.0 (9.0 ± 2.0) GeV for the first (second) flare.
III. DISCUSSIONS
The IceCube detected a neutrino flare around the location of the blazar TXS 0506+056, which is the object associated with the neutrino event IceCube-170922A. Via searching for the GeV activity around the location of the neutrino flare, we find that TXS 0506+056 is in a quiescent state, while another blazar, PKS 0502+049, is active around the time of the neutrino flare. PKS 0502+049 is separated from the optimal position of the neutrino flare by an angle of 1.2
• . Though the median angular resolution of the muon neutrino events is about 0.5
• at energies around ∼ 30 TeV [5, 24] , the directional reconstruction uncertainty for each individual event can range from ∼ 0.2
• to > 2 • . IceCube has released the information of neutrino events around the direction of TXS 0506+056, including the time, the reconstructed direction and the directional reconstruction uncertainty. We denote the directional reconstruction uncertainty σ i for the i-th neutrino event. Therefore, we can calculate the angular separation between PKS 0502+049 and the reconstructed direction of the i-th neutrino event, marked as σ i,sP . We define those neutrino events with σ i,sP ≤ σ i to be neutrino events that are potentially associated with PKS 0502+049. Eight neutrino events could be associated with PKS 0502+049. Intriguingly, among the 13 neutrino events sugegsted to be related to TXS 0506+056, 7 are also spatially consistent with PKS 0502+049. Therefore, we cannot exclude the possibility that PKS 0502+049 contributed (partly) to the neutrino flare from 2014 to 2015. As a consequence, the assumption that the neutrino flare was from a single source may need to be revisited. A time dependent analysis by IceCube, assuming two possible sources TXS 0506+056 and PKS 0502+049, is encouraged.
In hadronuclear interactions, the ratio between the flux of γ-rays to muon neutrinos is N γ : N νµ ∼ 2 : 1 [25] , considering the equipartition among the three neutrino flavors after their oscillations during propagation. Therefore, if assuming the gamma-ray emission from the two blazars are from pion decay, we can estimate the counts of neutrinos via extrapolating their gamma-ray spectra to high energy. If assuming that the softness of the gamma-ray spectrum at E γ > 10 GeV of PKS 0502+049 is due to the attenuation of low energy photons, we can estimate the muon neutrino flux E 2 νµ dN νµ /dE νµ at 100 TeV as ∼ 2.2 × 10 −8 GeV cm −2 s −1 and ∼ 5.8 × 10 −9 GeV cm −2 s −1 , via adopting the fitted power law index of 2.05 and 1.97, for the spectra of PKS 0502+049 and TXS 0506+056, respectively. Approximating the effective area of IceCube as A eff ∼ 100 m 2 for ∼100 TeV neutrinos [5] , the number of muon neutrino events detectable by IceCube during the neutrino flare era is estimated to be ∼ 3 and 0.4, for PKS 0502+049 and TXS 0506+056, respectively. Based on the above assumptions, by extrapolating the observed GeV gammarays, we find that PKS 0502+049 can contribute a fraction of the neutrino flare, while the expected neutrinos from TXS 0506+056 may be much less than the observed counts. One possibility is that the gamma-ray emission from TXS 0506+056 are attenuated by a fraction of ∼ 70%. Another possibility is that the gamma-rays produced via the hadronuclear interaction contribute to higher energy band, while the GeV gamma-ray emission of TXS 0506+056 is not from the hadronuclear interaction [5] .
In Table I , we summarize the features of TXS 0506+056 and PKS 0502+049. These two sources are both blazars with jets pointing towards us. TXS 0506+056 is classified to be a BL Lac object without observation of BLRs [26] , while PKS 0502+049 is classified to be a flat spectrum radio quasar (FSRQ) displaying BLRs. The flux of PKS 0502+049 at ∼ GeV is about one order of magnitude higher than that of TXS 0506+056. Moreover, PKS 0502+049 is about 3 times more distant than TXS 0506+056. Therefore, the gamma-ray luminosity of PKS 0502+049 is about two orders of magnitude higher than that of TXS 0506+056.
Since The observed gamma-ray luminosity of TXS 0506+056 is smaller than the luminosity of the neutrino flare [5] , to interpret TXS 0506+056 as the source of the neutrino flare, one has to assume that the GeV gammarays are highly absorbed or the energies of gamma-rays from pion decay are higher than 10 GeV. If the neutrino flare is associated with the TXS 0506+056, it may be reasonable to speculate a hadronuclear interaction origin of the IceCube neutrino flare, since its radio, optical [27] and GeV emission are all in low state. On the other hand, since PKS 0502+049 is bright in GeV band, its contribution to neutrinos may be non-ignorable. The observable BLRs of PKS 0502+056 provide targets for the haronuclear interaction. A jet-cloud interaction model is able to interpret the neutrino flare and the gamma-ray flare from PKS 0502+049 simultaneously [23] .
IV. SUMMARY
The sources of astrophysical TeV-PeV neutrinos and ultra-high energy cosmic rays are one of the key issues to be solved in this community. Thanks to the successful performance of IceCube, Fermi-LAT, MAGIC, and the quick follow-up observations in optical, radio and Xray by the other collaborators, significant progresses have been made recently [3] . The most encouraging news so far is the spatial and temporal coincidence between the neutrino event IceCube-170922A and the radio-TeV active blazar TXS 0506+056.
Intriguingly, the IceCube collaboration analyzed the historical data in the direction of TXS 0506+056 and found evidence for a neutrino flare ranging from September 2014 to March 2015 [5] . TXS 0506+056, however, was in quiescent state during the neutrino burst. To search for possible "nearby" GeV outburst in such a period, we have analyzed the Fermi-LAT data in the direction of TXS 0506+056.
We found a bright source PKS 0502+049, which had strong GeV flares around the neutrino flare phase. It locates ∼ 1.2
• away from TXS 0506+056, but within the directional reconstruction uncertainties of 7 neutrino events of the neutrino flare. Its contribution to the neutrino flare may be non-ignorable. Therefore, the singlesource assumption in [5] may be invalid. The timeintegrated [28] and time-dependent [29] searches in IceCube historical data as discussed in [5, 30, 31] in the direction of PKS 0502+049 are encouraged.
